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SPECIFICATION 

[TITLE OF THE INVENTION] Bioimplant material 
[WHAT IS CLAIMED IS: ] 

[Claim 1 ] Abioimplant material essentially comprising a calcium 
phosphate compound, wherein an average crystal particle 
diameter, an average pore size, a porosity and a bending strength 
of the sintered body are 1 ^m or less, 1 p or less, 5 to 55%, 
and 40 -MPa or more , respectively. 

[Claim 2] The bioimplant material according to Claim 1 wherein 
anatomic ratio of calcium/phosphorus of the calcium phosphate, 
compound is 1.4 to 1.75. 

[Claim 3] The bioimplant material according to Claim 1 or 2 
wherein the calcium phosphate compound comprises 
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hydroxyapatite as a main crystal. 

[Claim 4] The bioimplant material according to one of Claims 
1 to 3 wherein the calcium phosphate compound is a complex of 
hydroxyapatite and tricalcium phosphate. 

[Claim 5] The bioimplant material according to one of Claims 
1 to4, beingpreparedfrom99.5to 85% by weight of hydroxyapatite 
with an average particle diameter of 1 urn or less and 0.5 to 
15% by weight of calcium phosphate type glass frit. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Industrial Field of the Invention] The present invention 
relates to implant materials particularly excellent in machine 
workability and bioaffinity in biomaterials (implant 
materials) capable of being replaced with bone. 

[0002] 

[Prior Art] It is known that calcium phosphate compounds are 
excellent in bioaffinity and that sintered bodies thereof are 
used as biomaterials replaced with bone and teeth. 
[0003] Generally, giving a priority to proliferative property 
in vivo, calcium phosphate type porous implant materials having 
continuous pores of tens to several hundreds Jim have been used, 
but strength thereof is extremely low. 

[0004] Thus, the present inventors, as amethod for manufacturing 
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a calcium phosphate sintered body with high bioaffinity and 
high strength, have already proposed the dense calcium phosphate 
sintered body with high strength by the method of adding/mixing 
0.1 to 15% by weight of phosphoric acid based on a calcium 
phosphate component after sintering to powder where a calcium 
phosphate salt with an atomic ratio of calcium/phosphorus of 
1-4 to 1.75 is a base material and sintering, in an ambient 
pressure burning method in Japanese Patent Publication No. 
Sho-60-25383. 

[0005] Furthermore, in Japanese Patent Publication No. 
Sho-60-50744 , the inventors have provided the method of 
containing 0.5 to 15% by weight of an oxide of alkali metal, 
zinc and/or alkali earth metal-phosphoric acid type frit based 
on a calcium phosphate sintered body after sintering to powder 
where a calcium phosphate salt with an atomic ratio of 
calcium/phosphorus of 1.4 to 1.75 is a base material and 
sintering, and the method of containing 0.5 to 15% by weight 
of an oxide of alkali metal, zinc and/or alkali earth 
metal-phosphoric acid type frit and 3 to 23% by weight of Y 2 0 3 
based on a calcium phosphate sintered body after sintering to 
powder where a calcium phosphate salt with an atomic ratio of 
calcium/phosphorus of 1.4 to 1.75 is a base material and 
sintering. These have afforded novel calcium phosphate 
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sintered bodies with high strength where the range of deflection 
strength is about 133 to 177 MPa in the former and 200 MPa or 
more in the latter. When these implant materials were implanted 
in vivo, they were chemically bound to bone tissues without 
easily fracturing due to high strength, and showed favorable 
results . 
[0006] 

[Problems to be Solved by the Invention] Conventional implant 
materials are manufactured by pre-processing during powder 
molding in accordance with the shape of the implant portion 
and further processing precisely after sintering. 

[0007] However, the shape of biological tissue to be implanted 
varies depending on the progress .of a focus, and thus, 
inconvenience has sometimes occurred that the implant material 
pre-manuf actured is not matched with the shape of biological 
tissue during implant (at operation) .- Therefore, development 
of an implant material capable of easily performing dimension 
processing during an implant and excellent in bioaff inity has 
been desired. The aforementioned implant materials are dense, 
and thus workability after sintering is poor. When a cutting 
speed is increased in a processing using a diamond grinding 
stone, the implant materials have fractured by chipping .and 
cracking. Generally, in porous materials, processing after 
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the sintering is easy, but particularly in the case of the calcium 
phosphate type porous body, the strength is extremely low and 
fragile, and thus the porous materials have frequently fractured 
by causing splinters during processing. 

[0008] It is an object of the invention to solve the above problems 
and provide implant materials where chipping, splinters, cracks 
and the like do not occur during processing, and which has 
favorable workability and relatively high strength, and is 
excellent in bioaffinity. 

[0009] [Means for Solving the Problems] According to the 
invention, the above object can be accompli shed by the following. 
[0010] (1) A bioimplant material essentially comprising a 
calcium phosphate compound, characterized in that an average 
crystal particle diameter, an average pore size, a porosity 
and a bending strength of the sintered body are 1 |im or less, 
1 p or less, 5 to 55%, and 40 MPa or more, respectively. 
[0011] (2) The bioimplant material described in the above (1) 
characterized in that an atomic ratio of calcium/phosphorus 
of the calcium phosphate compound is 1.4 to 1.75. 
[0012] (3) The bioimplant material described in the above (1) 
or (2) characterized in that the calcium phosphate compound 
comprises hydroxyapatite as a main crystal. 
[0013] (4) The bioimplant material described in one of the above 
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(1) to (.3) characterized in that the calcium phosphate compound 
is a complex of hydroxyapatite and tricalcium phosphate: 
[0014 ] (5) The bioimplant material described in any of the above 
(1) to (4) characterized by being prepared from 99.5 to 85% 
by weight of hydroxyapatite with an average particle diameter 
of 1 nm or less and 0.5 to 15% by weight of calcium phosphate 
type glass frit. 
[0015] 

[Preferred Embodiment] The preferred embodiment of bioimplant 
material of the invention essentially comprises a calcium 
phosphate compound whose main crystal is hydroxyapatite, 
characterized in that an average crystal particle diameter, 
an average pore size', a porosity and a bending strength of the 
sintered body are 1 Jim or less, 1 ^ or less, 5 to 55%, and 
40 MPa or more , respectively. 

[0016] The calcium phosphate compound referred to in the 
invention is preferably hydroxyapatite excellent in 
bioaf f inity, and particularly a complex of hydroxyapatite with 
tricalciumphosphate ispref erable . This is because tricalcium 
phosphate elutes in vivo after the implant to produce pores 
with a dimension through which biological tissues easily 
infiltrate. 

[0017] In the invention, making the hydroxyapatite the main 
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crystal refers to a peak indicating hydroxyapatite that becomes 
maximum when analyzed by X-ray diffraction. A crystal phase 
constitution percentage of hydroxyapatite and tricalcium 
phosphate can be calculated by an X-ray diffraction method known 
in the art. Specifically, using CuKa ray, it can be calculated 
from a peak height I H ap of hydroxyapatite (2 11) face and a 
peak height I T cp of tricalcium phosphate (0 2 10) face and (2 
1 7) face by the following formula. 
[0018] 

Ctcp = {ItcpV (Ihap +Itcp) ) x 100 (%) 
C T cp: Content percentage of tricalcium phosphate 
[0019] The preferable content percentage of tricalcium 
phosphate is 10 to 50%. 

[0020] The calcium phosphate type glass frit referred to in 
the invention is one containing CaO and P 2 0 5 as a glass component 
thereof at 50% by weight or more. A composition of the 
particularly preferable glass frit is one described in Japanese 
Patent Publication No. Sho-60-50744 , contains 40 to 75 mol% 
P 2 0 5 and 20 to 55 mol% oxide of alkali metal, zinc and/or alkali 
earth metal selected from the group consisting of BaO, CaO, 
MgO, ZnO, Na 2 0 and K 2 0, and a total amount of these is 90 mol% 
or more of the whole frit . As remaining components of the frit, 
B 2 0 3 , Fe 2 0 3 , Ti0 2 , A1 2 0 3 , Si0 2 and the like are contaminated by 
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usual frit melting, raw materials per se, other preparation 
steps and the like, -and the total amount of these impurities 
could be within about 10 mol% of the whole frit. 
[0021] For example, it is better to use a glass frit with a 
specific surface area of about 5 m 2 /g obtained by mixing H 3 P0 4 , 
CaC0 3 and ZnO such that percentages as the mol% are 47% P 2 0 5 , 
44% CaO and 9% ZnO, dissolving the mixture in an alumina crucible 
at 1300 to 14 00°C, rapidly cooling the melting material in water 
to make a glass cullet and pulverizing this using a ball mill 
(e.g. , alumina) . 

[0022] So long as the implant material of the invention meets 
the above items, the method for manufacture thereof is not 
particularly limited, and it is manufactured, for example, by 
the following method. 

[0023] As a starting material, a combination of hydroxyapatite 
particles with an average particle diameter of 1 p or less 
and calcium phosphate type glass frit is preferable. In this 
combination, particle growth during burning is low, and the 
glass frit wets between a melted solution with low viscosity 
and fine particles during the burning, this is believed to 
facilitate the burning of the neck, and this can easily afford 
an objective contexture. In place of the glass frit, 
metaphosphate salts such as calcium metaphosphate can be used, 
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similar effects are produced, but the effects are low. 
Additionally, it is also possible to use powder obtained by 
compounding to become a composition close to hydroxyapatite 
or tricalcium phosphate by adding a calcium salt such as calcium 
carbonate to a calcium phosphate raw material such as calcium 
pyrophosphate and calcium primary phosphate, and treating with 
heat at 700 to 1400°C (calcination) . 

[0024] Hereinafter, preferable embodiments of the invention 
are illustrated in more detail including one example of the 
method for manufacturing the implant material of the invention. 
[0025] A mixed formation comprising hydroxyapatite with an 
average particle diameter of 1 p or less at 99.5 to 85.0% by 
weight and calcium phosphate type glass frit at 0.5 to 15.0% 
by weight is burned at 900 to 1300°C. Preferably, the mixture 
of hydroxyapatite with an average particle diameter of 0.3 to 
0.8 p at 99.0 to 93.0% by weight and calcium phosphate type 
glass frit at 1 to 7% by weight is formed and burned at 1000 
to 1200°C. 

[0026] For a combination percentage of the glass frit, when 
it is less than 0 . 5% by weight, neck growth between the particles 
is difficult to occur. When a burning temperature is raised 
to facilitate the neck growth, the growth of particles per se 
occurs, the average particle diameter and an average pore size 
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are increased, a porosity is reduced, and a sintered body with 
low strength and poor cutting property is obtained. 
[0027] On the other hand, when it is more than 15% by weight, 
the glass frit and hydroxyapatite react to produce tricalcium 
phosphate, a sinteredbody comprising 100% tricalcium phosphate 
or tricalcium phosphate and a glass phase with excessive 
phosphorus is obtained, and the content of hydroxyapatite 
becomes 0%. Thus, one whose main crystal is hydroxyapatite 
or the complex of hydroxyapatite and tricalcium phosphate cannot 
be obtained. 

[0028] The preferable combination percentage of the glass frit 
is 1 to 7% by weight as with the above. This is because when 
it is less than 1%, significant effects are not smoothly obtained 
whereas when it exceeds 7%, the contextures with increased 
particle diameters and pore sizes are partially observed. 
[0029] In the above method for manufacture, necking between 
the particles favorably progresses without reducing the 
porosity as with a hot press, and thus, it is possible to 
inexpensively manufacture the implant material of the 
invention . 

[0030] It has been found that the bioimplant material of the 
invention exhibits relatively high bending .strength (40 to 70 
MPa) and extremely excellent workability by comprising crystal 
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particles (essentially, calcium phosphate compound) with an 
average crystal particle diameter of 1 |im or less and further 
having pores with an average pore size of 1 pirn or less. This 
average crystal particle diameter and average pore size are 
measuredby a scanning electronmicroscope (SEM) . Specifically, 
an SEM appearance is photographed, subsequently, the longest 
diameter and shortest diameter are measured for each particle 
or pore, and a square root of a product thereof can be calculated 
as the average particle diameter or the average pore size . Also, 
the average pore size can be more accurately calculated by the 
use of a mercury press-in method. One example of a fine pore 
size distribution curve of the invention article is shown in 
Fig. 1 . According to this, it can be confirmed that the average 
pore size is about 0.5 Jim which is a maximum peak and that there 
is no pore with a pore size of 1 jim or more. When the average 
crystal particle diameter is 1 [m or more, the average pore 
size is prone to increase, and the strength -is reduced. As 
a most remarkable effect, the workability became inferior, and 
particularly cracks during processing easily occurred. 
[0031] When the average pore size is more than 1 jim, the strength 
is remarkably reduced. This is improved by reducing the 
porosity, while on the other hand, chipping during processing 
easily occurred. 
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[0032] The porosity indicates the whole porosity including open 
pores and closed pores, and can be calculated from a bulk specif ic 
gravity and a true specific gravity using the following formula. 
[0033] Porosity = {1 - (Bulk specific gravity / True specific 
gravity) } x 100 (%) 

[0034] The bulk specific gravity can be calculated from a volume 
calculated from external dimensions and a weight. The true 
specific gravity can be calculated by the method known in the 
art, where a sample is pulverized and a specific gravity bottle 
is used. The porosity is closely related to the workability 
(cutting speed) andstrength, and when the porosity is increased, 
the workability is improved but the strength is reduced. When 
the porosity is less than 5%, favorable workability is not 
obtained, and when it exceeds 55%, the bending strength is 
remarkably reduced (e.g., 10 MPa) . It is particularly 
preferred that the porosity be 20% or more and 50% or less in 
terms of a balance of strength and workability. 
[0035] The effects of the invention are first obtained by making 
a structure having the above average particle diameter, average 
pore size and porosity in the calcium phosphate compound whose 
strength is essentially low and which is fragile, and is 
considered to their synergistic effects. 

[0036] [Actions] In the porous body conventionally used as the 



-12- 




implant material, considering an infiltration of biological 
tissues, the pores of tens to several hundreds |jjti are formed, 
and thus, the pores work as a defect and strength is low. On 
the contrary, in the article of the invention, since the average 
particle diameter is fine which is 1 ^im or less, the neck formed 
by each particle of the calcium phosphate compound with an 
adjacent other particle also becomes 1 p or less, and since 
these necks are present in abundance, relatively high strength 
is shown. 

[0037] It is believed that the workability typically depends 
primarily on the porosity and the larger the porosity is, the 
more excellent the workability is. However, in the article 
of the invention, it is believed that since there is no large 
neck and thus glass destruction characters such as chipping 
and cracks are not shown, the porosity is large, nevertheless, 
excellent workability is obtained. When the calcium phosphate 
type glass frit is added, the glass frit disperses in neck 
portions of the particles to inhibit particle growth and carry 
forward the sintering of the neck portions. It is believed 
that this further increases the strength to hardly cause chipping, 
and thus the workability is also increased. 

[0038] In this way, the implant material of the invention has 
excellent workability and relatively high strength by the 
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synergistic effects of the average particle diameter, the 

average pore size and porosity. 

[0039] 

[Examples] Hereinafter, the invention is illustrated in more 
detail using the Examples. 
[0040] (Example 1) 

To hydroxyapatite powder with an average particle diameter of 
0.6 |im, 5% by weight of calcium phosphate type glass frit and 
3% by weight of an acrylic type binder were added and mixed 
in acetone, subsequently dried, setting molding was performed 
at a molding pressure of 800 kg/cm 2 , further cold hydrostatic 
press molding was performed at a molding pressure of 4000 kg/cm 2 , 
and the resulting molded body was heated at a temperature rising 
rate of 300°C/hour and retained at 11 00°C for 5 hours in an electric 
furnace to perform sintering. A scanning electron micrograph 
of a sectional face of this sintered body is shown in Fig. 2. 
'Various properties of this sintered body were measured. As 
a result, the average crystal particle diameter was 0.7 pm, 
the average pore size was 0.5 pm, the porosity was 40%, and 
a constitution of a crystal phase was hydroxyapatite (about 
80%) and p-tricalcium phosphate (about 20%) . This sintered 
body exhibited a bending strength of 70 MPa . Grinding work 
of a penetrating hole was attempted with this using a stick 
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diamond grinding stone for dental use (No. 120) at a rotation 
frequency of 15000 rpm by a wet mode, and consequently it could 
be favorably cut without causing a crack, chipping and splinter . 
When it was implanted in vivo, favorable bioaf f inity was shown, 
and bone in vivo was observed to penetrate inside the implant 
material . 

[0041] (Example 2) The sintered body was made as in the case 
with Example 1, except that the cold hydrostatic press molding 
was not performed. Various properties of this sintered body 
were measured. As a result, the average crystal particle 
diameter was 0 . 6 \xm f the average pore size was 0 . 6 jam, the porosity 
was 51%, and a constitution of a crystal phase was hydroxyapatite 
(about 80%) and 0-tricalcium phosphate (about 20%). This 
sintered body exhibited a bending strength of 45 MPa. 
[0042] (Comparative Example 1) <Equivalent for Embodiments 
according to Japanese Patent Publication No. Sho-60-50744> 
Using hydroxyapatite with an average particle diameter of 1.5 
|im, the molded body was made as in the case with Example 2, 
andthiswas sinteredby retaining at 1300°C for 5hours. Various 
properties of this sintered body were measured. As a result, 
the average crystal particle diameter was 3 (im, the average 
pore size was 2 pirn, the porosity was 3%, and a constitution 
of a crystal phase was hydroxyapatite (about 80%) and 
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P-tricalcium phosphate (about 20%) . This sintered body 
exhibited a bending strength of 120 MPa. As in the case with 
Example 1, the wet grinding was attempted with this using the 
diamond grinding stone, consequently the work was difficult 
and when forcedly performed, chipping and cracking occurred 
to fracture. 

[0043] (Comparative Example 2) Using hydroxyapatite with an 
average particle diameter of 20 pm, the molded body was made 
as in the case with Example 2, and this was sintered by retaining 
at 1100°C for 5 hours . Various properties of this sintered body 
were measured. As a result, the average crystal particle 
diameter was 20 jim, the average pore size was 12 |om, the porosity 
was 40%, and a constitution of a crystal phase was hydroxyapatite 

(about 80%) and (3-tr.icalcium phosphate (about 20%). This 
sintered body exhibited a bending strength of 20 MPa which was 
low. As in the case with Example 1, the wet grinding was 
attempted with this using the diamond grinding stone, and 
splinters of 2 to 5 mm occurred. 

[0044] (Comparative Example 3) The molded body was made as in 
the case with Example 1 except that the press molding was 
performed at 500 kg/cm 2 using the powder raw material as in 
the case with Example 1, and this was sintered by retaining 
at 1050°C for 2 hours . Various properties of this sintered body 
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were measured. As a result, the average crystal particle 
diameter was 0 . 7 ^im, the average pore size was 0. Spun, theporosity 
was 60%, and a constitution of a crystal phase was hydroxyapatite 
(about 80%) and p-tricalcium phosphate (about 20%) . This 
sintered body exhibited a bending strength of 20 MPa or less. 
As in the case with Example 1 , when the wet grinding was attempted 
in this using the diamond grinding stone, splintering (partial 
dropout of implant material) occurred. 

[0045] The bioimplant material according to the invention is 
excellent in workability, has relatively high strength ( bending 
strength is 40 MPa or more ) , and is excellent in bioaffinity. 
Therefore, it can be processed in accordance with the shape 
of an implant portion without causing chipping, cracks, 
splinters and the like during implant (during an operation), 
and it noticeably reduces inconvenience of the dimensional shape 
during implant. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] shows a fine pore size distribution curve of an article 
of the invention. 

[Fig. 2] is a scanning electron micrograph showing a crystal 
state at a sectional face of the article of the invention 
according to Embodiment 1 . 
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